In [1] , the author proposed a semi-implicit one-step integration formula which effectively copes with linear systems of ordinary differential equations with widely varying eigenvalues. The integration algorithm is based on a local representation of the theoretical solution to the initial value problem by a linear combination of exponential functions.
respectively, for / = 1,2,. . . , m.
The integration formula (2.3) can be expressed in the iterative form:
(2.7) yJ-+i] =yt-(y + oyit+effrt+1,yl>+\).
We now have to obtain numerical estimates for the elements of A, and Aj (i.e. the stiffness parameters). Since we are not interested in the case of double eigenvalues, we divide both equations (2.9) and (2.10) by ('a, + 'a2) to yield (2.11) and #a)-(S-V/?1)-,«iV/,"o,
Equations (2.11) and (2.12) can be readily transformed to the following pair of equations:
and (2.14) (<a2 -'a,)'//2* -V«i#1} = " '//3)-
We now solve m pairs of equations (2.13) and (2.14) (for 'a,, 'a2, / = 1, . . . , m) using any of the Newton-like schemes. In all the numerical experiments of Section 6, we shall adopt the Brown scheme as proposed in [2] .
3. Problem with the Convergence of Formula (2.7). In order that the iteration formula (2.7) should converge, we do require that the relation
is satisfied where L is the Lipschitz constant for f(x, y) with respect to y. Apparently, this Lipschitz constant is very large for stiff systems and consequently, for condition (3.1) to be satisfied, the steplength h must be extremely small.
With the view of making the integration formula (2.7) viable, we adopt the principle of the Newton method for solving nonlinear systems of equations of the form
The solution to (3.2) is given by
where J(y) is the Jacobian matrix SG(y)/ôy. This modification transforms the integration formula (2.7) into the form
The final integration formula (3.4) when applied to stiff systems generally converges to the solution in at most three iterations without any restriction imposed on the steplength h. We normally use the numerical solution at x = xt as the starting value in the iteration (3.4); that is (3) (4) (5) y\l\ = yt-4. Stability. By applying the integration formula (2.3) to the scalar test equation
where X is a complex constant with negative real part, we obtain
By setting a1 = X or -o^ = X in Eqs. Hence, the numerical integration formulae (2.3), (2.7), (3.4) are ¿-stable and hence ,4-stable and also exponentially fitted.
5. Order and Local Truncation Error. We associate with the integration formula (2.3) and the constraints (2.13) and (2.14), the operator P\y(x), h] which is defined as
The local truncation error Tt+1 at x = xt + x is hence given by P\y(xt), h] with y(xt) assumed to be the theoretical solution to the problem (1.1). By assuming that yt = y(xt), the truncation error Tt+ j for the integration formula (2.3) is readily obtained as:
Tt+i =y(xt+i)-yt+i
The last equation suggests that the numerical integration formula (2.3) with the constraints (2.13) and (2.14) is of order five. Hence, the m pairs of nonlinear equations (2.13) and (2.14) are only solved once for the stiffness parameters at the first step of the integration procedure. In all the numerical experiments, unit initial values are assigned to these stiffness parameters. Also, the iteration of the integration formula (3.4) is halted whenever the condition ll/'+V ' ~ >4+ilL < 10-8 is satisfied. Almost invariably, this condition is satisfied in less than three iterations in all the test runs. The stiffness parameters are obtained correctly to six decimal places in all the test runs.
The following initial value problems were considered in the interval 0 < x < 100. The same problem was also solved in Fatunla [1] . Problem 2 has also been solved in Lambert [3] and Fatunla [1] whilst Problem 3 has been solved in Lambert [3] . Example 1. The theoretical solution to this scalar initial value problem has a rapidly decaying component as well as a slowly decaying component thus posing the same stability problem as for stiff systems. With the integration formula (3.4), we generate the numerical solution to Problem 1 in the range 0 < x < 100 using two different uniform mesh sizes h = 0A and h -0.2. The numerical estimates of the stiffness parameters are: ttj = -0.8890128 and a2 = -200.000000.
More accurate results are obtained than in [1] as the new scheme is of higher order.
Although, the relative error is slightly smaller at x -0.4 by using h =0.1, the relative errors are of the same magnitude at x = 10 for both mesh sizes. This is perhaps due The details of the numerical experiments are given below in Table 6 .2. Example 3. This is the nonlinear initial valúe problem of reaction kinetics from Liniger and Willoughby [6] . The eigenvalues of the system at x -0 are \x = -1012, X2 = -0.01 and at x = 100 the eigenvalues are:
X! =-21.7, -0.089. If, however, f(x, y) is nonlinear, the higher order derivatives are also readily obtained in terms of the lower derivatives.
The mere fact that no ^-stable linear multistep method can have order exceeding two is consoling enough in the task of computing 'f^\ j = 1, 2, 3.
Although the stability considerations in Section 4 is only confined to diagonal systems, Problem 2 indicates that the new algorithm can effectively cope with nondiagonal systems. 
